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Summary 
Hand radiographs and scintigraphy were obtained initially and at the 4-year follow-up in 15 patients with symptomatic 
osteoarthritis (OA) of distal and/or proximal interphalangeal joints. For each joint, a 0-15 score was obtained for the 
OA radiographic lesions read blind by the same observer. An abnormal isotope retention over a bone reference area was 
assessed and quantified. The predictive value of scintigraphy for the OA radiographic progression was confirmed and 
shown to be improved by a second investigation. During the study period, the percentage of radiographic OA joints 
increased from 66.3 to 76.6%, but joints showing an abnormal scan decreased from 40 to 22.5%. Progression of the OA 
radiographic score was closely related to scintigraphic hanges. The mean difference between the final and initial OA 
score was -0.08 in joints with two normal scans (N= 115), +0.73 in joints showing a first abnormal and a second normal 
scan (N= 94) and +1.8 in joints with two abnormal scans (N= 14) or a scan becoming abnormal (N= 47). An abnormal 
scan appears to represent a transient event, and this event is associated with a period of progression of digital OA. 
Potentially, anti-OA therapies that suppress joint isotope retention might slow down OA progression. The magnitude of 
joint isotope retention was positively correlated with the OA radiographic score established at the same time (R = 0.61 
and P < 0.001), but showed no predictive value for progression of the latter. 
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Introduction 
OSTEOARTHRITIS (OA) of distal  and prox imal  
in terpha langea l  jo ints (DIP, P IP)  commonly  pre- 
sents in post -menopausa l  women. Rad iography  is a 
sensit ive method for the assessment  of digital  OA 
progress ion [1-5]. However, it is not able to detect  
ear ly s t ructura l  or b iochemical  changes of OA, 
commonly  the only lesions present  with the init ial  
symptoms [6-8]. Digita l  OA, is assoc iated with 
occas ional  painful  f lares and progress ion towards 
indolence over a number  of years [5-7] that  cannot  
be predicted by radiography. I t  has been suggested 
that  bone sc int igraphy is a sensit ive method for 
detect ing OA at an ear ly stage and re tent ion  of 
isotope around the hand or knee has been corre lated 
with subsequent  rad iographic  progress ion of OA 
[9-16]. The present  work invest igates the predict ive 
value of sc int igraphy in digital  OA, s tudy ing both a 
quant i tat ive score of isotope retent ion,  in i t ia l ly  and 
upon follow-up. 
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Patients and methods 
Fi f teen pat ients  (14 women and one man,  mean 
age 59 years, rang ing  from 42-69 years old) were 
included in a 4-year prospect ive study conducted  
between 1989 and 1993. Pat ients  were selected on the 
presence of a cl inical ly and rad iograph ica l ly  
establ ished OA, accord ing to A l tman et al. [8]. 
Pat ients  were excluded if they had psoriasis,  
rheumato id  arthr i t is ,  gout and chondrocalc inos is ,  
abnormal  erythrocyte  sed imentat ion  rate and C 
react ive protein,  abnormal  serum level of  ur ic  acid 
and a posit ive Latex test. 
Dgrsa l  rad iographs of the hands were car r ied  out 
by the same operator.  Only D IP  and P IP  jo ints  were 
examined.  Jo in t  space narrowing,  osteophytes,  
subchondra l  sclerosis, subchondra l  bone cysts and 
subluxat ion of each jo int  were each scored f rom 0-3. 
The tota l  rad iographic  score of a jo int  thus ranged 
from 0-15. Jo ints  showing a score greater  than  0 
were recorded asOA.  Fi lms were read bl ind by the 
same observer .  The intra- and in terobserver  
reproduc ib i l i ty  of the scor ing system was assessed 
using 10 randomly  selected radiographs.  They  were 
read bl ind a second t ime 8 days later by the main  
181 
182 Balblanc et a l . :  Progression of digital osteoarthritis 
observer, and s imi lar ly read two t imes indepen- 
dently by another  observer. Reproduc ib i l i ty  was 
assessed us ing a regress ion analys is  and the paired 
Student 's  t-test. 
Ten mn (approximately  400 Kcounts)  p lanar  
anter ior  hand scans were obta ined 4h  after  
intravenous in ject ion of 700 MBq of 99 m tech- 
net ium-labeled methy lene d iphosphonate,  us ing a 
rec tangu lar  large field of view DSX Sopha Camera,  
a low energy-high reso lut ion paral le l -hole col l ima- 
tor, a 140 KeV-20% window, a 2.66 zoom acquis i t ion 
factor  and a 256 x 256 matr ix  computer  col lect ion on 
a F-83 Sophy computer.  No at tenuat ion  correct ion 
was appl ied to the data. After  10% background 
subtract ion,  f ree-hand regions of interest  (ROIs) 
were drawn over each jo int  and distal  radius taken 
as reference. The mean rad io t racer  count  per pixel 
of each jo int  ROI was divided by the mean 
rad iot racer  count  of the distal  radius ROI. This rat io 
was used as a quant i tat ive sc int igraphic  score of 
isotope retent ion.  Only jo ints showing a ratio 
greater  than  1 were recorded as positive. The 
observer  was bl inded to the rad iographic  data. 
The stat ist ical  study used the chi-squared test  for 
qual i tat ive data, Student 's  unpa i red or paired t-test, 
var iance analys is  and s imple regress ion analys is  for 
quant i tat ive data. 
Resul ts  
REPRODUCIBILITY OF THE RADIOGRAPHIC SCORE 
The total  score and the score of each OA 
lesion were compared  with the paired Student 's  
t-test, and no s ignif icant intra- and interobserver  
difference was demonstrated.  Table I shows the 
intra- and interobserver  coeff icients of regress ion 
for total  and detai led scores. The coeff icients of 
corre lat ion of the main observer  ranged from 
0.68-0.90, the best one being obta ined with jo int  
space narrowing,  and the poorest  one with jo int  
subluxat ion.  In t raobserver  rel iabi l i ty was similar, 
except for bone cyst scoring. In t raobserver  e- 
l iabi l i ty was better  than  interobserver  reliabil ity. 
RADIOGRAPHIC  AND SCINT IGRAPHIC  DATA AT  THE 
SAME T IME 
At entry  and follow-up, respectively, 66.3 
and 76.6% of the 270 examined jo ints  were 
rad iographica l ly  classif ied as OA and 40 and 22.5% 
were demonst rated with an abnormal  scan. 
An abnormal  scan at entry  and follow-up, 
respectively, was seen in 53 and 28.5% of OA jo ints  
and 14.2 and 3.1% of radio logical ly  normal  jo ints  
(Fig. 1). 
A s ignif icant posit ive corre lat ion  (R = 0.61, 
P < 0.0001) between the rad iographic  score and the 
sc int igraphic  score of the 270 jo ints  was found. A 
s imi lar  corre lat ion  was found when consider ing OA 
jo ints a lone either at entry (R = 0.54, P < 0.0001) or 
at follow-up (R = 0.53, P < 0.001). 
RADIOGRAPHIC  PROGRESSION OF  OA IN  RELAT ION 
TO THE F IRST  SC INT IGRAPHY 
Over the 4-year study, the radiographic  
score increased from 2.58+3.16 to 3.33+3.63 
(P < 0.0001) in the 270 joints, f rom 3.9+3.15 to 
4.67+ 3.74 (P < 0.001) in in it ia l ly OA joints, and 
from 0 to 0.69+1.01 in in it ia l ly normal  jo ints 
(mean + S.D.). 
The change dur ing the study in the radiographic  
score of each of the 270 joints was expressed as the 
difference between final and init ial  values. This 
change in the radiographic  score was s ignif icant ly 
(P < 0.001) but weakly posit ively corre lated 
(R=0.14) with the init ial  sc int igraphic  score. 
However, such a corre lat ion was not  s ignif icant 
when consider ing jo ints with an init ial  abnormal  
scan alone. 
Fig. 2 shows that  the mean increase in the 
rad iographic  score of the 270 jo ints  was much 
Table I 
Reproducibility ofthe scoring of radiographic osteoarthritic lesions 
OA lesion 
Coefficient of correlation 
Main observer Second observer Interobserver 
Joint space narrowing 0.90 0.89 0.83 
Osteophyte 0.82 0.82 0.77 
Bone sclerosis 0.79 0.76 0.67 
Bone cysts 0.75 0.81 0.66 
Subluxation 0.68 0.67 0.73 
Total OA score 0.78 0.79 0.74 
The reproducibility ofthe total score, and of each OA lesion quoted from ~3, was assessed in 10 
randomly selected films twice analysed blindly by two observers. Values are the coefficients of 
correlation given by a simple regression analysis. 
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FIG. 1. Prevalence of radiographic and scintigraphic abnormalities in270 distal and proximal interphalangeal joints from 
15 patients. The figure illustrates the increased number of osteoarthritic joints and the decreased number of joints with 
an abnormal scan over a 4-year period of time: (a) 1989; (b) 1993. Results are expressed in percentages. OA joints by 
radiography are shown in grey, radiographically normal joints are depicted in white. Cross-hatched areas indicate 
radiographically normal or osteoarthritic joints with an abnormal scan. 
greater (2.81 times) dur ing the study in joints 
showing an init ial abnormal  scan than in joints 
with a normal  one (mean+s.D.:  1.21+2.52 and 
0.43 + 1.5, respectively; P < 0.002). The increase was 
even higher (3.62 times) when considering init ial ly 
OA joints alone (1.16 + 2.65 and 0.32 + 1.99, respect- 
ively; P < 0.01). 
In the 91 initial radiographical ly  normal  joints, a 
positive radiographic score was found at follow-up 
in 76.9% (10/13) of the joints with an abnormal  scan 
and 35.8% (28/78) of the joints with a normal  one 
(chi square = 7.71, P < 0.005). An increased isotope 
retent ion at entry thus gave a relative risk of 5.95 for 
the appearance of OA in an init ial ly normal  joint. 
The mean increase in the radiographic score was 
also signif icantly higher in joints with an abnormal  
scan than in joints with a normal  one (1.53 + 1.19 
and 0.55 +0.92, respectively; P < 0.001). In  radio- 
graphical ly normal /scan positive joints, the corre- 
lation of the initial scint igraphic score and 
radiographic changes approached signif icance 
(P = 0.052, Spearman test). 
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FIG. 2. Progresmon of osteoarthritic radiographic score in relation to initial scintigraphy. The score is the sum of joint 
space narrowing, subchondral sclerosis, cysts, osteophytes and subluxation, each lesion being quoted from 0-3. Given 
values are the mean and standard error of differences between final and initial score of each joint. ( . ) ,  Joints with an 
initial abnormal scan; ([]), joints with a normal scan. In each group, the difference between joints with a normal and 
an abnormal scan is significant (P < 0.001). 
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FIG. 3. Progression of the radiographic score of OA over a 4-year period in relation to scintigraphic mages obtained at 
entry and follow-up. The score is the sum of joint space narrowing, subchondral sclerosis, cysts, osteophytes and 
subluxation, each lesion being quoted from 0-3. Changes of the OA score are expressed as a percentage ofinitial values 
calculated for each joint. ( I ) ,  Mean initial OA score of each group (left axis). A positive scan, especially at follow-up 
only, is c]early a risk factor for OA progression (right axis). 
RADIOGRAPHIC PROGRESSION OF OA IN RELATION 
TO CHANGES IN SCINTIGRAPHY 
During the study period, the mean scintigraphic 
score decreased by 51.7% in the 270 joints, 64.3% in 
joints with an initial abnormal scan, 51.2% in 
initially radiographically OA joints and did not vary 
in initially radiographically normal joints. 
Changes in the radiographic and scintigraphic 
score, each expressed as a percentage of the initial 
values, were significantly (P < 0.05) but weakly 
(R=0.13) correlated. The correlation was not 
present when considering joints with an initial 
abnormal scan alone. 
Qualitative changes in scintigraphy were closely 
related with changes of the radiographic score 
(Fig. 3). The latter decreased from 1.51+ 1.65 to 
1.46 + 1.8 (P = 0.02) in joints with two normal scans, 
increased from 3.91 + 3.69 to 4.64 + 3.53 (P < 0.001) 
in those showing a disappearance of the initial 
abnormal isotope uptake, from 5.26+ 3.52 to 
7.13 + 4.15 (P < 0.001) in those with two abnormal 
scans and from 2.87 + 3.32 to 4.68 + 3.71 (P < 0.001) 
in joints only positive in the second scintigraphy. 
Similar changes were observed in initial radio- 
graphically OA joints alone. The radiographic score 
did not vary in joints with two normal scans, 
increased by 11.5% in joints becoming scintigraph- 
ically normal, by 34.1% in those with two abnormal 
scans and by 52.1% in those becoming scintigraph- 
ically positive. 
Discuss ion  
The present study of DIP and PIP joints shows 
that an initially abnormal scan, over a 4-year period, 
has a relative risk of 5.95 for the radiographic 
appearance of OA lesions, and increases by 3.6, the 
mean progression of the radiographic score of 
initially radiographically OA joints. Thus, it 
confirms a positive predictive value of scintigraphy 
for the subsequent radiographic hange in digital 
OA [11, 13, 14]. This study reports 15 patients 
followed for 4 years and previous tudies included 
between 14 and 67 patients over 18 months to 5 years. 
A positive scan at entry was a strong predictor 
(77%) of the presence of radiographic OA, agreeing 
with similar studies of symptomatic patients 
[11,14], and less predictive in asymptomatic 
patients [13]. A negative scan at entry was reported 
previously as a strong negative predictor of 
subsequent radiographic OA progression with only 
1-2% of such joints showing OA progression 
[11, 13, 14]. This is in contrast o the present study 
where there was a progression of OA in 38.5% of 
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Table II 
Mean change of the OA radiographic score over a 4-year 
period in relation to initial scan alone, second scan 
alone and both scans 
1989 1993 
Positive scan Yes No Yes No 
- - 1.21 0.43 1.80 0.41 
1993 Yes 1.87 1.81 - - 
1993 No 0.73 0.08 - - 
Values are the mean of the differences between the final and 
initial OA score calculated for each joint. 
joints with an initial normal scan. The discrepancy 
might be explained by the use of different methods. 
In the present study, the definition and progression 
of OA were assessed using a radiographic quantitat- 
ive score read blindly, while previous tudies used a 
qualitative definition of OA and direct comparison 
of the two films for evaluation of progression. The 
radiographic score used herein was close to those 
reported by Altman et al. [1] who used a 0-3 scale for 
each lesion. Kallman et al. [17] used a 0-3 scale for 
joint space narrowing and osteophytes, and a 0-1 
scale for bone sclerosis, cysts and lateral deformity. 
For collapse of central joint cortical bone, an 
additional 0-1 scale was used. The different scoring 
systems eemed to be similarly reliable. A decreased 
radiographic score, observed in 17.4% of OA joints, 
could be related to problems of reproducibil ity but 
also to the possibility of an actual improvement of
OA radiographic lesions. The magnitude of the 
mean decrease--that  is 37% in these joints--argues 
for the later possibility, at least in some joints. 
The sequential scintigraphic evaluation of OA 
gives original and interesting information. Radio- 
graphic score progression was markedly higher in 
joints with an abnormal scan at follow-up than in 
joints with a positive scan at entry (Table II). A 
positive scan could thus be a better indicator of what 
has happened than of what will occur. Progression 
of radiographic score was similar when comparing 
joints with a normal scan at entry or follow-up but 
more information was given by the study of changes 
with time in scintigraphic images. The mean 
radiographic score increased markedly in joints 
with two positive scans or becoming positive, 
increased modestly in joints becoming normal and 
did not change in joints with two normal scans. It is 
thus clear that an abnormal scan reflects OA 
progression at a given time and that qualitative 
scintigraphic hanges parallel the variable OA 
progression with time. 
Quantification of abnormal isotope retention 
seems to be less predictive. A correlation between 
scintigraphic and radiographic scores was observed 
throughout the study. But it was clear that 
radiographic OA progression was unrelated to the 
magnitude of the initial scintigraphic score when 
abnormal, and to the quantitative changes in the 
scintigraphic score during the study period. These 
results thus suggest that a high isotope reten- 
tion only reflects an advanced stage of OA, 
probably related to an important subchondral bone 
remodeling. 
Increased retention of a labelled bisphosphonate 
around an OA joint is certainly not due to a single 
OA lesion. A correlation between scintigraphy and 
the subsequent growth of osteophytes over an 
18-month period in human digital OA has been 
reported [14]. Osteophytes have also been reported 
to be the earliest radiographic lesions of digital OA 
[11]. It is thus tempting to correlate the abnormal 
isotope retention of a radiographically normal DIP 
or PIP joint with the growth of osteophytes. 
However, in the present work the coefficients of 
correlation between the scintigraphic score and the 
individual scores for joint space narrowing, 
osteophytes, ubchondral bone sclerosis or cysts 
were similar (data not shown). Lateral deformity 
alone was not correlated with scintigraphy. Isotope 
retention was similarly correlated with changes in 
bone and joint space, which may be explained by the 
close association of the lesions. But isotope 
retention is most likely to be related to increased 
bone remodeling in both osteophytes and subchon- 
dral bone, as demonstrated in an experimental 
model of OA [18]. 
From this and other studies it is clear that some 
digital OA joints show an abnormal scan while 
others do not, We also demonstrated that isotope 
retention changes with time both qualitatively and 
quantitatively, some joints becoming abnormal and 
others reverting to a normal scan, with an overall 
tendency to decrease over a 4-year period. We have 
been unable to explain such changes on the basis of 
age, sex, weight, PIP or DIP localization, probable 
duration and radiographic state of OA. Digital OA 
is known to become asymptomatic after several 
years, during which occasional painful flares 
occurred [6, 7], and scintigraphy has been corre- 
lated with spontaneous and induced pain in digital 
joints [15]. It is therefore tempting to suggest hat 
for unknown reasons in any joint, there can occur 
scan-positive, probably painful transient periods of 
OA radiographic progression, alternating with 
normal scan, probably asymptomatic, non-progress- 
ive periods. The scintigraphically positive progress- 
ive periods can clearly occur at any time of the 
course of the disease, but probably more rarely in a 
late stage. 
Finally, the present work suggests that iterative 
scintigraphy could be of interest for the evaluation 
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of disease-modifying OA drugs. The posit ive and 
negative close l ink between rad iographic  and 
sc int igraphic  progress ion of OA may indeed suggest 
• that  a drug able to suppress isotope re tent ion  should 
be similar ly able to slow down or even stop the 
radiographic  progress ion f the disease. This 
interest ing hypothes is  remains to be conf i rmed by 
therapeut ic  studies. 
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